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(54) Ultrasonic imaging apparatus and method for breast cancer diagnosis 



(57) An ultrasonic diagnostic imaging system is de- 
scribed which produces ultrasonic breast images by ac- 
quiring ultrasonic data from a volumetric region of the 



breast, then volume rendering the data to produce a pro- 
jection image from the data set. The diagnostic image 
reveals diagnostic information of the complete volume 
of breast tissue in a single ultrasonic image. 
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Descripti n 

This invention relates to ultrasonic diagnostic imag- 
ing systems and, in particular, to the use of ultrasonic 
imaging systems for breast cancer diagnosis. s 

Breast cancer is an important concern for women's 
health. Like most cancers, reduction in breast cancer 
mortality is promoted by early detection and treatment. 
It is for this reason that self examination and examina- 
tion during regular physical examinations are strongly 10 
encouraged. The standard breast examination today is 
a mammogram, in which the breast is compressed and 
x-rays are transmitted through the breast tissue to ex- 
pose an x-ray negative. The x-rays which pass through 
healthy tissue are moderately absorbed by the moder- >$ 
ate density of the tissue, which causes healthy tissue to 
leave a gray shadow image on the x-ray. X-rays which 
pass through dense particles such as calcifications un- 
dergo significant absorption, and the consequent de- 
posit of relatively few photons on the x-ray film will leave 20 
a bright spot on the x-ray. X-rays which pass through 
very soft structures such as cysts are only slightly ab- 
sorbed, and will leave a relatively dark spot on the x-ray. 
The radiologist is looking for such bright and dark spots 
on the mammogram when the diagnosis of the x-ray is 25 
performed. 

Because the x-rays of the mammogram pass com- 
pletely through the breast before reaching the film, each 
x-ray which strikes the film has been affected by every 
cell in its path of passage through the breast. This 30 
means that the mammogram conveys information about 
the entire organ, since the x-rays forming the mammo- 
gram have passed through the complete breast and in 
the aggregate are functionally related to every cell in the 
breast. The transmission image thus formed is a projec- 35 
tion of all of the tissue of the breast onto a single sheet 
of film. Mammograms are advantageous for this ability 
to capture a full summary of the entire breast in a single 
image. 

Ultrasonic imaging is also useful in detecting breast 40 
disease. In 1996, Advanced Technology Laboratories, 
Inc. became the first ultrasound company to receive ap- 
proval for use of its ultrasound systems in conjunction 
with mammography or self-examination in the diagnosis 
of breast lesions. Standard two dimensional ultrasound 45 
imaging has proven capable of detecting calcified le- 
sions in the breast on the order of those detectable by 
mammography. This has largely been due to the im- 
provements in spatial and contrast resolution seen in the 
beamformers of the ATL ultrasound systems and fre- 50 
quency compounding to reduce speckle noise, coupled 
with the high frequency, wide bandwidth and large ap- 
ertures of the ATL L1 0-5 probe. Recent studies have 
shown that significant disease is missed with mammog- 
raphy, particularly in dense breast tissue and is detect- ss 
able with ultrasound. Mammography, however retains a 
significant advantage in screening applications due to a 
lesser dependence on operator technique and a more 



efficient presentation of the image of the entire organ in 
a single image. Ultrasonic breast examination is an in- 
herently tomographic procedure which requires a tedi- 
ous, and possibly incomplete scan of many dozen im- 
ages to see the entire breast. A complete examination 
requires a review of these dozens of images, and re- 
cordkeeping correspondingly requires the maintenance 
of many ultrasound images. Accordingly, it would be de- 
sirable to provide an ultrasonic breast examination 
which is as convenient to perform, diagnose, and record 
as a mammographic examination. 

In accordance with the principles of the present in- 
vention, an apparatus and method are provided for ul- 
trasonic breast examination. In accordance with the in- 
ventive technique, the entire breast volume is ultrason- 
ically scanned to acquire a three dimensional data set 
of the breast. The data set is then volume rendered to 
form an image of the entire organ. In a preferred em- 
bodiment, the volume rendering produces a projection 
image, thereby capturing a record of the full breast vol- 
ume in a single image. In accordance with one aspect 
of the present invention, the breast image data is proc- 
essed with an inverse intensity-opacity function to more 
clearly reveal hypoechoic lesions such as cysts. The 
breast image data is processed with a more convention- 
al, increasing function to reveal dense substances such 
as microcalcifications. In accordance with another as- 
pect of the present invention, a flow data set of the 
breast volume is used to mask signals from the hypoe- 
choic lumens of blood vessels when diagnosing hypoe- 
choic lesions. The inventive technique is useful in other 
applications where hypoechoic bodies are being im- 
aged, such as the bile duct. 

In the drawings: 

FIGURE 1 illustrates in block diagram form an ul- 
trasonic diagnostic imaging system constructed in 
accordance with the principles of the present inven- 

FIGURE 2 is illustrates ultrasonic scanning of the 
breast, 

FIGURE 3 illustrates an acquired set of breast im- 
ages from the scanning procedure of FIGURE 1; 
FIGURE 4 illustrates a three dimensional rendering 
of the breast images of FIGURE 3 in accordance 
with the principles of the present invention; 
FIGURE 5 illustrates a device for aiding in ultrasonic 
scanning of the breast; 

FIGURE 6 illustrates a linear movement sensing 
device; 

FIGURE 6a illustrates a detail of the linear move- 
ment sensing device of FIGURE 6, 
FIGURE 7 illustrates a three dimensional render of 
breast images acquired with the aid of the devices 
of FIGURES 5 and 6; and 
FIGURES 8 and 9 illustrate image data mapping 
functions for ultrasonic breast scanning in accord- 
ance with the principles of the present invention. 
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Referring first to FIGURE 1 , an ultrasonic diagnostic 
imaging system constructed in accordance with the prin- 
ciples of the present invention is shown in block diagram 
form. A scanhead 10 includes a transducer array 12 
which transmits ultrasonic pulses into the body of a pa- 
tient and receives back ultrasonic echoes. The trans- 
ducer array 1 2 is pulsed under the control of and echoes 
are received by a beamformer 16. Ultrasonic beams 
transmitted and received by the transducer array are 
steered and focused under control of the beamformer 
16, which processes echo signals from a plurality of el- 
ements to form scanlines of coherent echo signals. The 
received echo signals are quadrature detected and fil- 
tered by an l,Q filter 20, then processed for either B 
mode or Doppler display. 

For B mode processing the I and Q samples are 
coupled to a detector and grayscale mapping circuit 24, 
which produces grayscale signals with brightness cor- 
responding to the intensity of received echo signals. The 
grayscale signals are stored in a tissue image memory 
40 together with information bearing their spatial rela- 
tionship to the image field. In a preferred embodiment 
scanlines of grayscale signals are acquired to form a full 
planar image, and a sequence of B mode planar tissue 
images is stored in tissue image memory 40. The image 
planes retain their spatial orientation to each other by 
being stored in the time or spatial sequence in which 
they were acquired. 

For Doppler processing the I and Q samples under- 
go highpass filtering in a wall filter 22, then are assem- 
bled in ensembles of Doppler data in a Doppler proces- 
sor 30. The data ensembles are processed by a Doppler 
technique such as autocorrelation or Fourier transform 
processing to produce Doppler signals of parameters 
such as Doppler power (P), velocity (v), or variance (o). 
The Doppler signals are processed to remove motion 
artifacts in a flash suppresser 32, then stored in a Dop- 
pler image memory 40' together with information bear- 
ing the spatial relationship of the Doppler signals to the 
image field. In a preferred embodiment scanlines of 
Doppler signals are acquired to form a full planar image, 
and a sequence of Doppler images is stored in Doppler 
image memory 40'. The Doppler images retain their spa- 
tial orientation to each other by being stored in the time 
or spatial sequence in which they were acquired. The 
tissue and Doppler image information may then, if de- 
sired, be scan converted into the desired image format, 
such as a sector format, in a scan converter 42. Sepa- 
rate scan converters 42,42' may be employed to rapidly 
scan convert tissue and Doppler images simultaneous- 
ly, or a single scan converter may be used by time mul- 
tiplexing the processing of the two types of image infor- 
mation. Scan conversion may also be merged into the 
rendering operations, whereby the two functions are 
carried out together (i.e., convert polar coordinate scan- 
lines directly into a rectilinearly addressed three dimen- 
sional image.) 

In accordance with the principles of the present in- 



vention, the grayscale signal data, the Doppler signal 
data, or both undergo volume rendering in a volume im- 
age rendering processor 50. The rendering process 
may be performed in accordance with rendering param- 

5 eters stored in rendering parameter storage areas 52 
and 54. As described in U.S. Pat. [appl. SN 08/638,710], 
these parameters control the manner in which each type 
of image information will be processed in the rendering. 
For instance, the user may enter values for the opacity 

io and contrast to be imparted to each type of image infor- 
mation. In a preferred embodiment for breast imaging, 
discussed below, predetermined intensity-opacity trans- 
fer functions are implemented by the parameters to em- 
phasize breast pathology with certain acoustic charac- 

is teristics which are of interest to the diagnosing physi- 

The spatially acquired tissue and/or blood flow im- 
age information is volume rendered together to form an 
image which incorporates all or selected portions of the 
20 volumetric region which was scanned Volume render- 
ing is described in Kaufman, A., Introduction to Volume 
Visualizationz, IEEE Computer Society Press, 1991 at 
pp 1-18. A preferred technique ol volume rendering is a 
projection image, in which the volumetric signal infor- 
ms matron is projected into a single diagnostic image, or a 
set of images which provides multiple viewing angles of 
the volumetric region, as described in U.S. Pats. 
5,474,073 and 5,485,842. A preferred projection image 
is produced by a maximum intensity projection process. 
30 To produce a maximum intensity image, diagnostic im- 
age pixels P Xi y(8) are formed by analyzing elements of 
the volumetric data along projection lines intersecting a 
plane of the data set at an angle 6. For example, sup- 
pose that the data set comprises a sequence of N par- 
as allel image planes, each having data point in the x,y di- 
mensions in the image plane, and each image plane 
comprising a z dimension. Suppose that projection lines 
are symbolically drawn through the image planes nor- 
mal (9=90°) to the plane of the first image in the se- 
*o quence. Each symbolic projection line will intersect pix- 
els P z as it passes through the image plane data. The 
pixels along each symbolic projection line are used to 
form a pixels P x y (0) in the diagnostic image in accord- 
ance with 

4S 

P*,y(6) = M^ N [P Z ]| X , V 

so which will form a diagnostic image of the maximum in- 
tensity value along each symbolic projection line. The 
volume rendered image is converted to video signals by 
a video processor 60 and displayed on a display 100. 
Methods for breast imaging in accordance with the 

55 present invention are illustrated by the following draw- 
ings. FIGURE 2 illustrates the breast 8 of a reclining pa- 
tient which is being scanned with a high frequency linear 
array scanhead 10. The scanhead shown in FIGURE 2 
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is an L10-5 scanhead manufactured by the assignee of 
the present invention. The L10-5 scanhead is connecled 
to the ultrasound system by a cable 11. The breast 8 is 
scanned by sliding the scanhead 10 over the surface of 
the breast in the direction indicated by the z arrow. To 
aid in sliding the scanhead and to provide good acoustic 
coupling, the breast surface may be coated with an 
acoustic couplant. A scan of the complete breast, from 
one extremity to the other, is preferred so that echo sig- 
nals from all of the breast tissue in the z direction are 
acquired. As the scanhead traverses the breast it ac- 
quires a sequence of images through the breast as in- 
dicated by the scan plane outline 70, with dimensions x 
and y. The scanhead is held in a constant vertical orien- 
tation as shown so that the images are acquired from 
substantially parallel scan planes. Due to the variation 
in breast tissue thickness across the breast the scan- 
head will generally move in a slight arc in the y direction 
as it moves across the breast surface. The arc is mini- 
mized by the position of the patient, as the breast will 
flatten out somewhat when the patient is reclining. When 
the clinician performing the scanning is maintaining con- 
stant acoustic contact with the breast a certain amount 
of pressure is maintained as the scanhead moves, 
which will slightly compress the breast tissue beneath 
the scanhead 

The breast scan illustrated in FIGURE 2 will pro- 
duce a sequence of images 70(1)-70(N) as shown in 
FIGURE 3. In this drawing each image in the sequence 
is shown on an image plane 72(1), 72(2), 72(3), 72(4), 
72(5) ... 72(N). The sequential acquisition of the images 
as tho scanhead 10 is moved in the z direction causes 
each scan plane to be separated from adjacent planes 
by a spatial distance Az when the scanhead is moved 
at a constant rate. 

The images are then processed by volume render- 
ing to form a composite diagnostic image 80 as shown 
in FIGURE 4. In a preferred embodiment the rendering 
is performed with the images aligned on an x,y basis; 
that is, P xy of the images are aligned for matching val- 
ues of x and y. The diagnostic image 80 will exhibit char- 
acteristics of pathology of the full image set. For in- 
stance, the diagnostic image 80 includes several bright 
spots at 82 which appeared in one or more of the images 
70(1)-70(N). (Note: for ease of illustration as a patent 
drawing, the image of FIGURE 4 is a reversal of the 
black/white characteristics of an ultrasonic image.) 
These bright spots may be evidence of ductal microcal- 
cifications in the breast and would thus be of interest to 
the diagnosing physician. The oval structure at 84 may 
be evidence of a cyst, which may also be of interest to 
the physician. These different structures 82,84 may 
have appeared on different images in the image se- 
quence 70(1 )-70(N), but by virtue of the volume render- 
ing of the image data, the structures all appear on the 
volume rendered diagnostic image 80. Thus, the diag- 
nosing physician can make a diagnosis of the entire 
breast from one or a few (if several scan sweeps are 



needed to cover the full breast) ultrasound images, just 
as can be done with mammography. 

The ultrasonic imaging technique of the present in- 
vention provides an advantage not found in mammog- 

s raphy. Like a mammogram, the image 80 will show the 
location of suspect pathology 82,84 in x and y coordi- 
nates, but provides no guidance as to the location of the 
pathology in the z dimension. 
However, the sequence of images from which the image 

io 80 was formed do contain that information. The physi- 
cian can identify the z coordinate of the pathology by 
reviewing the images of the sequence until the image is 
found which has the pathology in question at the x,y co- 
ordinates of the volume rendered image. The position 

is of the image in the image sequence will identify the z 
coordinate of the pathology. In addition, the volume ren- 
dering can also be viewed in dynamic parallax as de- 
scribed in U.S. Pat. 5,485,842, enabling the location of 
the suspect pathology to be viewed in a three dimen- 

20 sional image display. 

FIGURE 5 illustrates in cross-section a device 90 
for aiding in ultrasonic scanning of the breast 8. The 
scanning aid 90 comprises a water bag 92 filled with wa- 
ter at 94 and with a semi-rigid scanning surface 96. The 

ss water bag portion of the scanning aid comprises a com- 
pliant member which conforms to the contours of the 
breast and provides good acoustic coupling between a 
scanning surface and the breast. The semi-rigid scan- 
ning surface provides a linear path across which the 

30 scanhead 10 is moved in the z direction when imaging 
the underlying breasts. In use, an acoustic couplant is 
used to assure good acoustic coupling between the wa- 
ter bag 92 and the breast 8, and between the scanhead 
10 and the scanning surface 96. When the scanhead 10 

35 moves across the scanning surface 96, theflat scanning 
surface will provide a constant reference plane in the y 
dimension relative to the breast. The images acquired 
during the scan will retain a uniform relationship to the 
breast in the y dimension, and can be rendered into a 

40 diagnostic image 120, shown in FIGURE 7, which re- 
tains a frame to frame spatial correspondence to the en- 
tire organ, as shown by the curvature 1 22 of the breast 
surface in the drawing. The pathological structures 
82,84 which are revealed in the image will therefore ex- 

45 hibit a better spatial correspondence to their actual lo- 
cations in the breast as compared to an image from a 
scan when the scanhead moved up and down while tra- 
versing the breast. 

The scanning surface 96 of the scanning aid 90 is 

so semi-rigid so as to be pliable enough to conform to the 
transducer window of the scanhead, a consideration 
when using a curved linear array for scanning. The sur- 
face 96 could itself be pre-curved in the x dimension to 
better conform to the convex curvature of the transducer 

55 window of a curved linear array scanhead. 

Scanning of the breast in accordance with the 
present invention can be performed freehand with no 
quantification of scan plane acquisition to movement of 
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the scanhead. In such freehand scans, the user tries to 
move the scanhead at a constant rate so that the image 
planes are separated in the z dimension by a substan- 
tially uniform separation. Through a few trials with slow 
scanhead movement and more rapid scanhead move- 
ment the user will arrive at a scanning speed which will 
produce the best images. Moving the scanhead across 
the breast at a slow speed will increase the sampling 
density of the breast in the z dimension and will produce 
a relatively large number of images for volume render- 
ing. Moving the scanhead at a greater speed will de- 
crease the sampling density in the z dimension and pro- 
duce a relatively fewer number of images for volume 
rendering. 

It may be desirable to acquire images at substan- 
tially constant spatial intervals in the z direction, which 
affords known and uniform sampling of the breast in that 
direction and provides assu ranee that the breast has not 
been undersampled and missed suspect pathology in 
the z direction. To do this, one must know the relative 
location of the scanhead in the z direction, so that each 
image can be acquired after passage of the required Az 
distance. One way of doing this is through use of devices 
internal to the scanhead, such as the accelerameters 
described in U.S. Pat. 5,529,070. As taught in that pat- 
ent, these internal devices respond to scanhead motion 
by producing signals which are resolved into positional 
information of the scanhead and its scan plane. 

External devices which can be attached to the scan- 
head to assist in determining scanhead position during 
a scan may also be employed, such as that shown in 
FIGURE 6. This drawing illustrates a linear movement 
sensing device 110-118 which is mounted on the scan- 
ning surface 96 of the scanning aid 90. The illustrated 
linear movement sensing device comprises a housing 
110 which contains a linear sensor. A collar 114 is pro- 
vided which engages the scanhead 10. The collar is 
connected to the housing 110 by a rod member 116 
which engages the linear sensor in the housing 110 
through an elongated aperture 112 in the side of the 
housing. The linear sensor in the housing 110 provides 
signals indicative of the position of the rod member, col- 
lar, and its engaged scanhead by means of a cable 117 
which connects to the ultrasound system through a con- 
nector 118. 

Any of a number of types of linear sensors may be 
used for the linear movement sensing device. The hous- 
ing 110 may contain a light source such as a series of 
LEDs which oppose a strip of photosensors on the other 
side of the housing. As the collar 114 and rod member 
116 move in the z direction, the rod member 116 inter- 
rupts the light path between the LEDs and photosensors 
at locations along the strip. A signal indicating location 
of the interruption is sent to the ultrasound system to 
indicate the position of the scanhead. As a second al- 
ternative, a magnetic system may be employed which 
magnetically senses the position of a metallic rod mem- 
ber as it moves inside the housing. FIGURE 6a illus- 



trates an electromechanical sensor, in which the rod 
member 118 bears against a capacitive strip 119 as it 
moves in the z direction. The capacitive strip operates 
in the manner of a capacitive laptop computer mouse, 

s whereby the point of surface contact is sensed and sent 
to the ultrasound system as a position signal. 

The scanhead position signal is used by the beam- 
former of FIGURE 1 to determine the time of acquisition 
of an image. For instance, the desired inter-plane spac- 

io ing may be set to 0.5 mm. Each time the scanhead 
moves another 0.5 mm, as indicated by the position sig- 
nal, the beamformer controls the scanhead 10 to ac- 
quire another image. The resultant plane sequence will 
be uniformly spaced by a distance of 0.5 mm. It should 

<s be remembered that absolute distance measurements 
are not required when the scan is started before and 
ends after the breast tissue, since only relative distance 
measurements will suffice to sample the full breast at 
the uniform plane spacing. 

so In accordance with another aspect of the present 
invention, the echo signals acquired during the breast 
scans can be processed to highlight only those acoustic 
characteristics which may indicate pathology of interest 
to the diagnosing physician. Microcalcifications, for in- 

& stance are relatively hard calcified particles which are 
relatively hyperechoic, that is, they are relatively strong 
reflectors of ultrasonic energy. To highlight hyperechoic 
substances, an increasing opacity transfer characteris- 
tic 130 as shown in FIGURE 8 can be used to render 

30 the volumetric image. The transfer characteristic 1 30 in- 
dicates the value of an output signal for a given input 
value along the abscissa of the drawing. The transfer 
characteristic 1 30 begins with a zero output amplitude 
for low level input values so that low level noise signals 

3s are suppressed. Above a certain threshold at the break- 
point of the characteristic 1 30, the output amplilude mo- 
notonically increases with increasing input values. This 
results in high level input signals, such as those received 
from calcifications, being produced as more opaque dis- 

40 play pixels as indicated by point 132 on the transfer 
characteristic Thus, a strong echo received from a mi- 
crocalcification in the breast will be reproduced as a 
bright opaque dot on one or more of the images in the 
image sequence, and a maximum intensity volume ren- 

« dering will show a bright microcalcification dot 82 in the 
diagnostic image 80,1 20. Lower level input signals from 
normal tissue on images in front of the microcalcification 
which would only obscure the pathology of interest are 
reproduced with a greater transparency, so that the phy- 

so sician will effectively see through the normal tissue and 
spot the suspect microcalcifications. Thus, the present 
invention increases lesion conspicuity by rendering le- 
sions more opaquely than normal tissue. 

The transfer characteristic 1 30 can be applied to the 

ss received echo signals at numerous places in the signal 
processing path in FIGURE 1. It can be applied to B- 
mode echo signals in the mapping function of the detec- 
tor and grayscale mapping circuit 24, or it can be applied 
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as a mapping function during scan conversion. Prefer- 
ably it is applied as a tissue rendering parameter used 
during volume rendering to render suspect lesions more 
opaque and normal tissue more transparent. 

When looking tor hypoechoic lesions such as a cyst 
84, a decreasing opacity transfer characteristic 140 as 
shown in FIGURE 9 may be used. A fluid filled cyst re- 
flects relatively little acoustic energy (hypoechoic), and 
hence its acoustic signature is little or no echo response. 
A decreasing opacity transfer characteristic 140 wilt 
highlight such a response with a more opaque image 
pixel, since low level input values will produce a greater 
opacity value such as that shown by point 142 on the 
characteristic. This transfer characteristic will cause hy- 
poechoic cysts 84 to be reproduced as bright opaque 
spots in the diagnostic image 80 , 1 20. The transfer char- 
acteristic 140 can also be applied at various points in 
the signal processing path, including the greyscale map- 
ping function, scan conversion, where its effect is to pro- 
duce a minimum intensity rendering for hypoechoic sig- 
nal emphasis. Preferably, the characteristic is utilized as 
an opacity rendering parameter to render hypoechoic 
areas more opaque in the volume rendering. 

Breast tissue contains a substantial network of 
small blood vessels. When highlighting hypoechoic 
structures in the breast as described above, the lumens 
of blood vessels will also be highlighted or made more 
opaque, due to their hypoechoic characteristic. Howev- 
er, unlike a cyst, a blood vessel contains a moving sub- 
stance, flowing blood. Therefore, this differentiating 
characteristic of blood vessels can be detected and 
used to suppress highlighting or opaque rendering of 
blood vessels during breast imaging. One technique for 
identifying flowing blood is Doppler detection, since the 
movement of the blood will produce a Doppler return sig- 
nal. This means that both greyscale and Doppler infor- 
mation can be acquired for each image, as is contained 
in a colorflow image. The B mode component of the 
colorflow image can be volume rendered to produce the 
diagnostic image, and the Doppler information can be 
used as a rendering parameter to suppress display in- 
formation at locations which returned a Doppler signal 
The display of lumens of blood vessels as bright or 
opaque areas with the transfer characteristic 140 is 
masked by a bloodflow rendering parameter which elim- 
inates display information at locations which returned a 
Doppler signal, such as a blood vessel. The resulting 
diagnostic image will thus highlight or opaquely render 
the stationary fluid pool of a fluid filled cyst while sup- 
pressing the display of blood vessel lumens as highlight- 
ed or opaque structures through recognition of their 
Doppler characteristics. 

The techniques of the present invention can be per- 
formed with a wide variety of ultrasonic scanheads. Me- 
chanical scanheads which mechanically steer an ultra- 
sonic beam to scan the breast may be employed, as well 
as scanheads with two dimensional array transducers 
which are capable of steering an ultrasonic beam to 



scan in three dimensions. Either of these types of scan- 
heads may be used to acquire ultrasonic data from a 
volumetric region of the breast. 



Claims 

1. An ultrasonic diagnostic imaging system for per- 
forming breast diagnosis comprising: 

a scanhead for acquiring ultrasonic echo sig- 
nals from a volumetric region of a breast; and 
a volume Tenderer, responsive to said ultrason- 
ic echo signals, for rendering an image of said 
'5 volumetric region of the breast. 

2. An ultrasonic diagnostic imaging system for per- 
forming breast diagnosis comprising: 

20 means for acquiring an ultrasonic echo signal 

data set of a volumetric region of a breast; and 
a volume Tenderer, responsive to said ultrason- 
ic echo signals, for rendering an image of said 
volumetric region of the breast. 

25 

3. The ultrasonic diagnostic imaging system of Claim 
1 or 2, wherein said volume Tenderer comprises 
means for rendering a projection image. 

30 4. The ultrasonic diagnostic imaging system of Claim 
1 or 2, wherein said volume renderer comprises 
means for rendering a maximum or minimum inten- 
sity image. 

35 5. The ultrasonic diagnostic imaging system of Claim 
4, wherein said volume renderer further comprises 
means for rendering a projection image. 

6. The ultrasonic diagnostic imaging system of Claim 
40 1, further comprising a breast scanning aid, at- 
tached to said scanhead, for assisting in the scan- 
ning of a breast. 

7. The ultrasonic diagnostic imaging system of Claim 
45 6, wherein said breast scanning aid comprises 

means for assisting in linear scanning of a breast. 

8. The ultrasonic diagnostic imaging system of Claim 
7, wherein said means for assisting in linear scan- 

50 ning comprises means for assisting the acquisition 
of an image data set of a volumetric region of a 
breast, said data set being referenced to a spatial 
plane defined by said assisting means. 

ss g. The ultrasonic diagnostic imaging system of Claim 
7, wherein said means for assisting in linear scan- 
ning comprises means for identifying the movement 
or position of said scanhead along a linear path. 
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10. The ultrasonic diagnostic imaging system of Claim 
9, wherein said means for assisting in linear scan- 
ning comprises means for quantifying the move- 
ment or position of said scanhead along a linear 
path. 

11. The ultrasonic diagnostic imaging system of Claim 
9 or 10, further comprising a beamformer, coupled 
to said scanhead, for controlling said scanhead to 
acquire images in relation to the movement or po- 
sition of said scanhead, 

12. The ultrasonic diagnostic imaging system of Claim 
9, wherein said quantifying means includes an elec- 
tromechanical sensor. 

13. The ultrasonic diagnostic imaging system of Claim 
9, wherein said quantifying means includes an op- 



14. The ultrasonic diagnostic imaging system of Claim 
9, wherein said quantifying means includes a mag- 
netic sensor. 

15. The ultrasonic diagnostic imaging system of Claim • 
12, 13, or 14, wherein said sensor comprises a po- 
sition sensor. 

16. The ultrasonic diagnostic imaging system of Claim 
1 , wherein said scanhead includes means for iden- 
tifying the position or movement of said scanhead. 

17. The ultrasonic diagnostic imaging system of Claim 
16, wherein said scanhead includes a handheld 
scanhead case enclosing components of said scan- 
head, including means for identifying the position or 
movement of said scanhead. 

1 6. A method for producing diagnostic ultrasonic imag- 
es of a breast, comprising the steps of: 

ultrasonically scanning a volumetric region of a 
breast; and 

volume rendering ultrasonic information data to 
produce diagnostic image data. 

19. A method for producing diagnostic ultrasonic imag- 
es of a breast, comprising the steps of: 

acquiring an ultrasonic data set of a volumetric 
region of a breast; and 

volume rendering ultrasonic information data to 
produce diagnostic image data. 

20. ThemethodofClaim18or19,whereinsaidstepof ss 
volume rendering renders a projection image. 



volume rendering renders a maximum intensity im- 
age. 

22. A method for producing an ultrasonic image which 
may contain hypoechoic tissue comprising mapping 
ultrasonic image data by means of a transfer func- 
tion which emphasizes low level ultrasonic echo 
signals in relation to high level ultrasonic echo sig- 
nals. 



23. The method of Claim 22, wherein said transfer func- 
tion comprises a decreasing transfer characteristic. 

24. The method of Claim 22, further comprising the step 
of masking from display areas which return Doppler 
signals above a given threshold. 

25. A method for imaging hypoechoic structures of the 
breast comprising the steps of: 

processing ultrasonic echo information re- 
ceived from a region of the breast to produce B 
mode signals; 

processing ultrasonic echo information re- 
ceived from said region of the breast to produce 
Doppler signals; 

processing said B mode signals to produce im- 
age signals which emphasize hypoechoic are- 
as of said region; and 

suppressing the display of hypoechoic areas of 
said region which correspond to said Doppler 



26. A method for producing diagnostic ultrasonic imag- 
es of a breast, comprising the steps of. 

acquiring an ultrasonic data set of a volumetric 
region of a breast; and 

volume rendering ultrasonic said ultrasonic da- 
ta to produce diagnostic image data, 
wherein said volume rendering comprises uti- 
lizing an opacity rendering parameter which 
renders lesions with greater opacity than nor- 
mal tissue. 

27. The method of Claim 26, wherein said opacity ren- 
dering parameter exhibits an increasing transfer 
characteristic. 

28. The method of Claim 27, wherein said opacity ren- 
dering parameter renders calcified substances in 
the breast with greater opacity than normal tissue. 

29. The method of Claim 26, wherein said opacity ren- 
dering parameter exhibits a decreasing transfer 
characteristic. 



21 . The method of Claim 18 or 1 9, wherein said step of 30. The method of Claim 29, wherein said opacity ren- 
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daring parameter renders hypoechoic regions in the 
breast with greater opacity than normal tissue. 

31 . The method of Claim 30, f urthercomprising the step 
of suppressing the rendering of blood vessel lu- s 
mens as opaque regions. 
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